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Objectives
.
This study aimed to assess the causes and clinical
implications of isolated T wave inversion in adults and to evaluate
electrocardiographic (ECG) differentiation of these causes .
background. °There are few previous reports on isolated T wave
inversion in adults, which is a paradoxic observation in normal
adults and in those with severe coronary artery disease .
kletlwds. We used echocardiography, stress thallium-201 scin-
tigraphy and coronary angiography to determine the underlying
causes and then used conventional electrocardiography and pre-
cordial ECG mapping to differentiate them . Eighty-six consecutive
patients with isolated T wave inversion were classified as follows :
group A included 23 asymptomatic patients; group B included 63
patients with chest pain.
Results. In group A, isolated T wave inversion was found as a
normal variant in 20 patients and was due to hypertrophic
cardiomyopathy in 3 . In group B, the cause was hypertrophic
An inverted T wave (or waves) occurring in an isolated region
of the precordial electrocardiographic (ECG) leads, such as
leads V 3 and V4, is termed an isolated T wave inversion or
isolated T wave negativity (1,2) .
Such isolated T wave inver-
sions are most frequently seen in patients with angina pectoris,
especially in those with unstable angina . Isolated T wave
inversion also occurs in healthy individuals with no evidence of
heart disease (3-5) . Because the patterns of the isolated T
wave inversion in both groups are surprisingly similar, isolated
T wave inversion in adults is a subject of considerable concern .
There are few reports on isolated T wave inversion in adults,
and many points remain to be clarified .
Development of new T wave inversion in the precordial
leads (which need not be isolated in midprecordial leads) in
patients with unstable angina is a predictor of significant
stenosis of the left anterior descending coronary artery and can
identify a subgroup of patients with angina with a poor
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cardiomyopathy in 3 patients, pericarditis in 2, coronary artery
disease (lesions of the proximal left anterior descending coronary
artery) in 39 and a normal variant in 19 . The causes of isolated T
wave inversion were difficult to determine from 12-lead ECG
findings alone . However, when the inverted T wave region ex-
tended into the upper part of the precordium, precordial ECG
mapping demonstrated excellent detection of coronary artery
disease, with a sensitivity, specificity and overall accuracy of 88%,
93% and 91%, respectively.
Conclusions. Isolated T wave inversion in asymptomatic adults
is usually a normal variant . In patients with chest pain, isolated T
wave inversions can develop in two different situations: a normal
variant and severe coronary artery disease ; these can be easily
differentiated by precordial ECG mapping using conventional
electrocardiography.
(J Am Coll Cardiol 1994;24:739-4.5)
response to medical treatment (6) . Whether or not the isolated
T wave inversion carries the same implications as "noniso-
lated" T wave inversions in the precordial leads in such
patients remain unknown . Further, physicians sometimes en-
counter an isolated T wave inversion in patients with atypical
chest pain that cannot be definitively diagnosed as noncardiac .
The implications of the isolated T wave inversion in such
patients are generally undetermined. Even when an isolated T
wave inversion is noticed in asymptomatic adults, the etiology
still remains to be determined
. It is not known whether the
ECG patterns of isolated T wave inversions differ according to
the underlying causes and whether differentiation of the un-
derlying causes from the observed patterns is possible or not
.
In the present study, we aimed to determine the causes of
isolated T wave inversion in adults and to evaluate ECG
discrimination of subjects with the normal variant from those
with findings related to coronary artery disease
.
Methods
Definition (Fig. 1) . Isolated T wave inversion was defined
as an inverted T wave (or waves) of at least 0
.05 mV occurring
in one or more midprecordial leads on a 12-lead ECG and
surrounded by positive T waves
.
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Figure 1 . A, Electrocardiogram of a representative normal subject
with atypical chest pain (a 39-year old woman) . Isolated inverted T
waves are seen in leads V, (2 mm in depth) and V, (0 .5 mm in depth).
Stress thallium-201 scintigraphy was negative, Coronary angiography
was not performed . B, Electrocardiogram (ECG) of a representative
patient with coronary artery disease (a 38-year old man) . He had been
admitted to hospital with a history of frequent chest pain both on mild
exertion and at rest and was diagnosed as having unstable angina .
Isolated inverted T waves are seen in leads V, (1 .5 mrm in depth) and
V, (0.5 mm in depth) . Stress thallium-20l scintigraphy revealed a
perfusion defect in the anteroseptal area on the initial scan with
redistribution on the delayed scan. Coronary angiography demon-
strated 99',!> stenosis with delay in the proximal left anterior descend-
ing, coronary artery. An aortocoronary bypass graft was performed .
Note that the inverted 'C wave configurations of the ECGs in A and B
are very similar .
Patients. Over the past 7 years at the Second Department
of Internal Medicine, Kyorin University Hospital, we have
encountered 90 patients with isolated T wave inversion. Of
these, 86 were included in the present study; 4 were excluded
because of lack of sufficient data . Whether the isolated T wave
inversion was new or not, the first ECG with isolated T wave
inversion that was obtained from each patient in our hospital
was selected for analysis . Any patient with myocardial infarc-
tion was also excluded
from the study
. All patients examined
gave their informed consent for the catheterization proce-
dures, exercise ECG and stress thallium-201 scintigraphy .
Laboratory tests. To diagnose the underlying causes of the
isolated T wave inversions, we performed a complete physical
examination, an ECG and two-dimensional echocardiography
in all 86 patients; stress thallium-201 scintigraphy in 75 pa-
tients; and coronary angiography in 47 patients .
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For the stress thallium-201 scintigraphy, multilevel exercise
tests were initiated at 50 W using a bicycle ergometer and
increased thereafter by 25 W every 3 min . Thallium-201 (2 mCi)
was injected intravenously when one of the following signs was
recognized : leg fatigue, dyspnea, chest pain, ST segment depres-
sion >2 mm or a rate-pressure product >25,(a)O (beatsimin X
mm Hg). The patients were then encouraged to continue exercise
for an additional minute if possible, at which time the exercise was
terminated . Initial scan myocardial imaging was performed at
10 min after the injection, and delayed scan imaging was carried
out 3 h later. A conventional Anger-type scintillation camera
(model GCA-401, Toshiba Incorp)rated, Tokyo, Japan) was used
for the first 30 patients, and single-photon emission computed
tomography (model GMS-55U, Toshiba Incorporated) was per-
formed in the subsequent 45 patients .
Two-dimensional echocardiograms were recorded using an
electronic phase-array sector scanner (model SSH 65A,
Toshiba Incorporated). Parasternal and apical long- and short-
axis views were obtained . M-mode echocardiography was also
performed. Hypertrophic cardiomyopathy was diagnosed when
the thickness of the left ventricular wall was :~ 15 ntm .
Selective coronary angiography was carried out by the
Judkins technique to produce at least four projections of the
left and two projections of the right coronary arteries . Stenosis
>75% was considered significant.
Test results were reviewed retrospectively by two indepen-
dent experienced observers who had no information as to the
patients' clinical history . In cases of disagreement, the findings
were reviewed again to reach a consensus .
Electrocardiographic mapping. To determine whether or
not the site of the inverted T waves in the precordium varied
according to the underlying causes. precordial ECG mapping
was carried out in 47 patients while they still showed isolated T
wave inversions. The precordial mapping was recorded with a
conventional ECG . Recordings from 48 chest leads from the
first to the sixth intercostal space in the longitudinal direction
and from lead
V4R
to V, in the horizontal direction were
obtained, and the region in which the inverted T waves
appeared was determined.
Statistical analysis. All variables are reported as mean
value ± SD. Statistical analysis was performed by using the
unpaired Student t test and the chi-square test when appropri-
ate. A p value < 0.05 was considered statistically significant .
The sensitivity, specificity, positive and negative predictive
values and overall accuracy were calculated in the conventional
manner .
Results
Patient profiles . Of the 86 patients, 23 (15 men, 8 women ;
mean (±SDJ age 51 ± 10 years ; designated as the asymptom-
atic group) had been incidentally found to have isolated T
wave inversions and were referred to us for further evaluation .
Within that group, 16 demonstrated isolated T wave inversions
during health screening, and 7 showed isolated T wave inver-
sions during a hospital stay for a noncardiac condition . The
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Figure 2 . Results of laboratory tests and the clinical diagnosis based
on these tests in the 23 asymptomatic subjects and 63 patients with
chest pain . CAD = coronary artery disease : CAG = coronary
,
angiog-
raphy ; Ex-Tl = stress thallium-2t11 scintigraphy ;11CM = hypertrophic
cardiomyopathy; UCG = echocardiography; + = positive; tl =
negative, - = not performed .
remaining 63 patients had complained of chest pain, chest
oppression or chest discomfort (37 men, 26 women ; mean age
56 ± 12 years; designated the chest pain group) . The groups
did not differ significantly with regard to the age of the
patients .
Diagnoses (Fig. 2). Among the 23 asymptomatic patients,
echocardiography revealed that 3 had hypertrophic cardio-
myopathy ; that is, one each had apical hypertrophy, hypertro-
phic obstructive cardiomyopathy and asymmetric septal hyper-
trophy. Of the remaining 20 patients classified within the
asymptomatic group, I showed a decrease in thallium uptake
associated with redistribution in the anteroseptal area on stress
thallium-201 scintigraphy. In this case, however, coronary
angiography revealed normal coronary arteries, and this pa-
tient was concluded to have no underlying disease. The other
19 asymptomatic patients displayed no abnormalities on stress
thallium-201 scintigraphy or coronary angiography and were
considered normal .
Of the 63 patients with chest pain, 2 were diagnosed as
having pericarditis on the basis of characteristic finding of
chest pain exacerbated by respiration, a pericardial friction rub
and chronologic ECG changes. Echocardiography revealed
hypertrophic cardiomyopathy in three patients, one with apical
hypertrophy and two with asymmetric septal hypertrophy .
Among the remaining 58 patients with chest pain, 39 were
"p 11.115 versus normal subjects . Data presented are mean Value *_ SD or
number ('v) of patients.
shown to display abnormalities on stress scintigraphy or coro-
nary angiography, or both, and were diagnosed as having
coronary artery disease, Despite their chest symptoms and the
presence of isolated T wave inversion, the other 19 patients
were considered normal according to their stress scintigraphic
or coronary angiographic findings, or both .
The serum potassium levels, measured within I week either
before or after the ECG recording in the 86 patients, were
within the normal range .
Coronary angiography, which was performed in 36 of the 39
patients with coronary artery disease, demonstrated significant
stenosis of the proximal anterior descending artery (American
Heart Association segment 6 or 71 in all 36 . Eight patients had
two-vessel disease and four patients three-vessel disease . Stress
thallium-201 scintigrams were obtained in 35 of the 39 patients
with coronary artery disease . Thallium imaging was negative in
two patients who revealed significant stenosis of the left
anterior descending coronary artery by angiography and were
diagnosed as having coronary artery disease . In the remaining
33 patients, thallium imaging showed a perfusion defect or a
decreased uptake of thallium in the initial scan with redistri-
bution in the delayed scan in the anteroseptal area .
Among the 39 patients with coronary artery disease, 33 had
unstable angina according to American Heart Association
criteria (7) . Percutaneous transluminal coronary angioplasty or
aortocoronary bypass surgery was performed in 22 of the 39
patients . One patient died suddenly at 6 months after angio-
plasty, and one died of a malignant tumor. The chest pain in
the 19 patients diagnosed as normal was usually experienced at
rest and was atypical for angina . However, 9 of these 19
patients were diagnosed originally as having unstable angina
on the basis of American Heart Association criteria, most of
which corresponded to the category' of new rest angina .
Electr'lcardiographic findings in normal subjects and pa-
tients with coronary artery disease (Table 1)
. The number of
chest leads with isolated inverted T waves was significantly
greater in patients with coronary artery disease than in normal
subjects (p < 0.05). Among the normal subjects, none had
inverted T waves in four leads, and only eight (21 % ; 5 of the 20
asymptomatic normal subjects and 3 of the 19 normal subjects
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Asymptomatic Group Table t . Electrocardiographic Findings in Normal Subjects and in
Patients With Coronary Artery Disease
(n=23)
0 Patients With
(n=20)
Normal Subjects
Coronary
+ 0
Total Asymptontatic
Artery
Chest Pain Disease
(1) (19)
No. of chest leads 1 .85 ± 0.74 1.85 ± 0.81 1 .84 ± 0.69
2,28 ± 1 .05 1
(1) (1 (18)
with inverted
T wave
0 B
Depth of negative 1 .59 = 1 .13 1 .8$ -1 1 .36 1 .29 ± 0.77 2 .68 = 1 .94*4
Normal
(n=20)
T wave (mm)
ST segment 91391223") 5/20 (25"x) 4(19 (21`%e) 9/39 (239, )
depression
UCG
4
HCM
(n=3)
Ex-TI
_
0
(2) (1)
CAG
(2) (1)
Clinical HCM
Diagnosis (n=3)
UCG HCM
(n=3)
Ex-T1
(1)
(2)
CAG 0 -
(1) (2)
LTJ
Clinical HCM
Diagnosis (n=3)
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with chest pain) demonstrated inverted T waves in three
precordial leads . By contrast, among the patients with coronary
artery disease, 7 (18%) revealed inverted T waves in four
precordial leads, and 14 (36%) had inverted T waves in at least
three leads .
The depth of the negative T wave was significantly greater
in the patients with coronary artery disease than in the normal
subjects (p < 0 .05). There were only six patients (15%) who
demonstrated inverted T waves >3 mm in depth among the
normal subjects (5 of the 20 asymptomatic normal subjects and
1 of the 19 normal subjects with chest pain). However, 16
(41%) of the 39 patients with coronary artery disease revealed
inverted T waves ?3 mm in depth .
No difference was observed in the incidence of ST segment
depression between normal subjects and patients with coro-
nary artery disease .
Electrocardiographic mapping was performed in 47 pa-
tients when their 12-lead ECGs revealed isolated T wave
inversion. The extension of the inverted T wave region in the
precordium could be roughly divided into three types (Fig . 3) :
type N, an inverted T wave region located in the right and
lower areas of the precordium with its lingua spreading to the
V1-V4 area; type 1, an inverted T located in the upper part of
the precordium with its lingua spreading to the leads V, to V
4
area; and type M, miscellaneous. Type N, as shown in Figure 4
(top), was observed in 23 of the 27 normal subjects (10 of the
I1 asymptomatic normal subjects and 13 of the 16 normal
subjects with chest pain), but this type was not found in the
patients with coronary artery disease . Type 1, as shown in
Figure 4 (bottom), was observed in 15 of the 17 patients with
coronary artery disease but in only 2 normal subjects ( t
asymptomatic normal subject and 1 normal subject with chest
pain). Type M was observed in two normal subjects with chest
pain, two patients with coronary artery disease and three
patients with hypertrophic cardiomyopathy.
Differential diagnosis of the cause of the isolated T wave
inversion from ECG tindiogs . Assuming that pericarditis and
hypertrophic cardiomyopathy were excluded by the clinical
symptoms and echocardiographic findings, we determined
whether subjects could be diagnosed as normal or as having
coronary artery disease on the basis of the aforementioned
ECG findings
. From the data collected by us for the patients
00_0 0.0000
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Figure 4. Top, Electroc rdiographic (ECG) mapping of a representa-
tive patient with type N (same subject as in Fig . IA). Inverted Twaves
are observed in the right lower part of the precordium invading to
leads V, and V ; on the 12-lead ECG . Bottom, Mapping of a repre-
sentative patient with type I (same subject as in Fig. 113) . Inverted T
waves are seen in the left upper part of the precordium with the lingua
spreading to leads V, and Vs . Because each ECG mapping was
undertaken on a different day from that of the 12-lead ECGs (Fig . 1),
and the region of the inverted T changes slightly day by day, the
precordial leads that showed inverted T waves on ECG mapping
differed slightly from those in the 12-lead ECGs of Figure I . ics =
intercostal space .
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Figure 3 . Types of extension of the inverted T wave
region in the precordium . In type N, the inverted T wave
region (solid circles) was located in the right and lower
areas of the precordium with its lingua spreading to leads
V., to V„ resulting in isolated T wave inversion on the
12-lead electrocardiogram. In type I, the inverted T wave
region (solid circles) was located in the upper part of the
precordium with its lingua spreading to leads V, to V, .
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Table 2
. Diagnostic Value of Electrocardiographic Findings for Detecting Coronary Artery Disease in
78 Patients
with coronary artery disease and the normal subjects, we
calculated the sensitivity, specificity, positive and negative
predictive values and overall accuracy for detecting patients
with coronary artery disease (Table 2) . The values for these
variables in the subset comprising the chest pain group are
shown in Table 3 . Although the specificity of the 12-lead ECG
findings (at least three inverted T waves and an inverted T of
=3 mm) was high, the sensitivity of these findings was low .
Type I ECG mapping was most valuable for detecting patients
with coronary artery disease .
The sensitivity, specificity, positive and negative predictive
values and overall accuracy for detecting normal subjects were
85%, 100%, 100%, 81% and 91% for type N ECG mapping,
respectively, considering the entire study group (n = 44)
. In
the subset comprising the group with chest pain (n = 33), the
corresponding values were 75%, 100%, 100%, 83% and 89%,
respectively .
Discussion
Cause of isolated inverted T waves in asymptomatic adults .
Our data suggest that the isolated T wave inversions observed
incidentally in asymptomatic adults do not usually point to
underlying coronary artery disease . When hypertrophic car-
diomyopathy is excluded by echocardiography, they can gen-
erally be regarded as a normal variant
. However, a previous
study on isolated T wave inversion in Japanese subjects
revealed no normal subjects (8) : These subjects were outpa-
tients or inpatients who required ECGs and vectorcar-
diography, whereas our patients were asymptomatic adults
who were incidentally found to have isolated T wave inver-
sions. The prevalence of isolated T wave inversions in the
Japanese is estimated to be 0.5% to 0
.6%, which is not rare
(unpublished data) . Indeed, compared with the incidence of
0.05% reported for U .S. Air Force personnel (9), the incidence
OKADA ET AL.
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among the Japanese appears to be rather high and may reflect
differences in racial characteristics or physical constitution
.
However, not all asymptomatic subjects with isolated T
wave inversions are normal
. Although the isolated T wave
inversions in the asymptomatic group usually persisted for
long periods, some transient cases were also encountered . In
the latter cases, it is possible that there could have been a
transient cause for the isolated T wave inversions, such as a
relative deficiency of potassium, anxiety, fear, the influence of
food intake, hyperventilation or transient myocardial ischemia
from coronary vasospasm (10-13)
. Furthermore, some sub-
jects might have been in an early stage of hypertrophic
cardiomyopathy that was not evident on their echocardio-
grams
.
Awa et al . (2) examined the distribution of the precordial
ST-T potential in children with isolated T wave inversions
and reported that the area of the inverted T waves extended
from the lower right part of the precordium to the region
of leads V 3
to V
4 similar to the type N pattern defined in
this study . The normal variant of isolated T wave inversion
might thus be produced by the same mechanism as in child-
hood .
Etiology of isolated T wave inversions in patients with chest
pain. Our study indicated that coronary artery diseaad repre-
sented the underlying cause of the isolated T wave inversion in
-60% of the patients with chest symptoms. Most of them
suffered from unstable angina, and all appeared to have lesions
in the proximal left anterior descending coronary artery . In
addition, many were candidates for aortocoronary bypass
surgery or coronary angioplasty .
An anterior T wave inversion indicates a lesion of the left
anterior descending coronary artery in patients with unstable
angina (6) .
T wave inversion in the precordial leads in patients
with suspected acute myocardial infarction is associated with
lesions of
the left anterior descending coronary artery (14,15) .
Table 3
. Diagnostic Value of Electrocardiographic Findings for Detecting Coronary Artery Disease in
58 Subjects With Chest Pain
Sensitivity Specificity
Positive
Predictive
V, lee
Negative
Predictive
Value
Overall
Accuracy
>3 inverted T waves (n = 58)
Inverted T wave >3 mm (n = 58)
Type I on mapping (n = 33)
36%
41%
88%
84%
95%
94%
82%
94%
94%
39%
44%
88%
52%
59%
91%
Sensitivity
Specificity
Positive
Predictive
Value
Negative
Predictive
Value
Overall
Accuracy
?3 inverted T waves (n = 78) 36% 79%
64% 55%
58%
Inverted T wave ?3 mm (n = 78) 41%
85% 73% 59%
63%
Type I on mapping (n = 44) 88% 93%
88% 93%
91%
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Our study demonstrated that isolated T wave inversion over
an isolated area in the precordial leads in patients with
angina pectoris, especially unstable angina, has the same
clinical implications as "nonisolated" anterior T wave inver-
sion . In fact, the inverted T wave (or waves) in an isolated
region of the precordial leads on the initial ECG spread more
widely to either lead V r, or lead V I or in both directions in
many of the patients during the follow-up period . Isolated and
nonisolated negative T waves in the precordial leads in patients
with angina pectoris appear to have similar clinical implica-
tions .
Although --60% of the patients with chest pain had coro-
nary artery disease, 10% of them revealed causes other than
their coronary artery disease for the isolated T wave inversion .
No abnormalities were observed in ? 30% of this group; their
ECG mapping showed a type N pattern, as seen in the normal
asymptomatic subjects. The isolated T wave inversion in these
patients can thus be considered a normal variant .
Distinguishing normal variant isolated T wave inversion
from that Indicating coronary artery disease. Because iso-
lated T wave inversions are surprisingly similar in normal
subjects and in patients with severe proximal stenosis of the left
anterior descending coronary artery, it is very important to
identify which subjects with isolated T wave inversion have
coronary artery disease . Our results point to coronary artery
disease being unlikely in asymptomatic subjects who are inci-
dentally found to have isolated T wave inversions . That finding
in subjects with typical anginal symptoms was clearly associ-
ated with coronary artery disease . However, many patients
with coronary artery disease, especially those with unstable
angina, experience chest pain at rest that is sometimes difficult
to distinguish from the chest pain of normal subjects. In fact, in
our study, the diagnosis on admission was unstable angina in 9
of the 19 normal subjects with chest pain . The underlying cause
of isolated T wave inversion cannot therefore be diagnosed
from the symptoms alone .
It was also difficult to diagnose the underlying cause based
on the 12-lead ECG findings, Although the number and depth
of the negative T waves were greater in the patients with
coronary artery disease than in the normal subjects, we con-
elude that the sensitivity for diagnosing coronary artery disease
from these findings is very low. Other ECG findings, such as
the incidence of ST segment depression, were also surprisingly
similar in both groups.
When ECG mapping demonstrated a type N pattern, none
of the patients had coronary artery disease . We consider,
therefore, that type N almost certainly excludes coronary
artery disease
. Furthermore, the sensitivity, specificity and
accuracy for diagnosing coronary artery disease were also high
for the type I pattern . We suggest that ECG mapping of the
precordial region using conventional electrocardiography pro-
vides an easy, economic method that is both highly sensitive
and specific for discriminating between normal subjects and
those with coronary artery disease, even though the mapping
technique used by us was not as sophisticated as those of
JACC Vol. 24. No . 3
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laboratories equipped for complete body surface isopotential
mapping .
Study limitations . The present investigation can be said to
have several limitations . One is the lack of cardiac catheter-
ization data in all but 10 of the normal subjects, especially in
the 11 normal subjects with chest pain and in 3 of the patients
with coronary artery disease . However, it is difficult to justify
the performance of coronary angiography in asymptomatic
patients or in patients with atypical chest pain who reveal
normal stress thallium-20l scintigraphs. Some examinations
were inevitably not done in some of the patients included in
the present clinical study . Because this exclusion would bias the :
study population, we included such patients .
Although the serum potassium levels, determined within I
week either before or after the ECG recording, were normal in
all subjects, the level was not determined on the day of ECG
recording in most cases . Hypopotassemia could thus have been
the cause of an isolated negative T wave in some cases .
Clinical implications . Despite the aforementioned limita-
tions, our results provide useful information for interpreting
the clinical significance of isolated T wave inversion . When
physicians encounter isolated T wave inversion in patients with
angina pectoris, and especially when ECG mapping reveals a
type I pattern, this evidence is strongly suggestive of a signif-
icant proximal lesion of the left anterior descending coronary
artery. Early diagnostic and therapeutic intervention in the
form of coronary angiography, angioplasty or bypass surgery
should be considered .
An isolated T wave inversion that is noticed incidentally in
an asymptomatic adult or that occurs in a patient with chest
pain atypical for angina but that cannot be definitively deter-
mined as noncardiac or nonischemic can he interpreted as a
normal variant if ECG mapping reveals type N and the patient
is found by echocardiography to show no evidence of hyper-
trophic cardiomyopathy . In such subjects, there is probably no
need for further diagnostic tests, so that unnecessary workups
for coronary artery disease can be avoided .
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